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The characteristic electrocardiographic changes were often observed especially 
after gastrectomy in the study of the postoperative serial electrocardiograms in 
abdominal surgery. Moreover, these changes 日cemedto have close correlation with 
postoperative clinical course. However, there are few papers which were concerned 
with the electrocardiographic change after gastrcctomy. BuHR, studying 21 patients, 
described that a lowering amplitude of the T wave, a depression of the ST segment 
and a prolongation of the QT interval were observed after gastrectomy. RuF, RoscH 
& WALZ reported the same electrocardiographic changes in 15 patients. These authors 
stressed that the strain of sympathetic nerve or the anesthetic agent might be the 
primary cause of the electrocardiographic changes, however, the~’ showed no interest 
in the relation between the electrocardiogram and the clinical symptoms. 
The purpose of the present report is旬 analysethe postoperative electrocardiograp--
hie changes especially in the relation to the potassium depletion after gastrectomy. 
METHOD AND :¥IATERIALS 
The serial electrocardiographic recordings, standard and precordial leads (CR, 
or Vョ二RVentricle, CR1 or V,=L Ventricle) 1γere taken postoperati＼℃l~’ untill the 
electrocardiogram returned to a normal pattern. The patients selected in this study 
showed normal electrocardiogram before operation, and digitalisation was avoided 
postoperatively because it disturbs the natural electrocardiographic change. 
For the determination of the QT interval relative to the cycle length, the QT 
ratio was calculated from the GOLDBERGER’S nomogram. The average normal QT 
ratio for men is 1.02. The maximum normal QT ratio for men is 1.08 and for 
women, 1.09. 
The serum potassium concentration was determined on a flame photometer. 
The normal range was considered to be 3. 1～5.5 mEq./L. in this stud~·. 
In animal experiment, using KuHNs's method, the intracellular /extracellular 
relationship in heart muscle were determined. 
RESULT 
Postoperative complications, such as peritonitis, mechanical intestinal obstruction 
or circulatory collaps were able to br加g marked changes in the electrocardiogram. 
Therefore, these factors must be excluded to evaluate the postoperath・e electrocardi-
ographic changes. For this purpose, the ser旬lelectrocardiograms were recorded 
untill the changes returned to a normal pattern in these disorders. The patients 
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were selected who had no complication except illness. 、
1. The electrocardiogram in acute peritonitis. 
The following two case reports are o百eredto illustrate the electrocardiographic 
change in acute peritonitis. 
Case 1 (Fig. 1). F. Y., a 13つ’car-olc1 female. Diagnosis : Acute generalized 
peritonitis due to per lりrntio11of appendix. She had foll signs of acute generalized 
peritonitis ¥¥hen admitted to the ho円pital,arnl the electrocardiogram showed sinus 
tach＞でardiawith marked depression of the ~.T :;cgmc11t. The T waves were stil 
high in chest leads. 人ppc1l(lcctomyand drainage were performed and during oper-
ation 200cc of blood and lOOOcc of physiologic saline solution were 広iw~n. The 
electrocardiogram taken 12 hours after operation :;ho川：clmarked improvement. 
Case 2 (Fig. 2). S. K, a 39-year-old male. Diagnosis ：λcute generalized perit-
onitis due to perforation of appendix. The clcctrncanliogt孔m takcn before operation 
showed sinus tach>・cardia and clcprc日sionof the ST segment. The T w乱vein lead 
Table I. Electrocardiographic values in acute generalized peritonitis 
upward deflection +mm 
downward deflection -mm 
mean value of QT ratio : 1.02 
Patient i ST( deviation from base lrnc 1 
C¥o. j I : I I il i C'l12 1山 i
。i-D.51-D.5 
2 I -0 . 3 , D I o 
3 I O I -0.5I -G 5
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0目47I 0.31 I 1.12 
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CR1 was not flattened. The electrocardiograms taken twelve and twenty-four hours 
after successful operation showed progressive improvement. 
In acute peritonitis, the electrocardiogram shows the pattern of coronary insu-
汀iciencyconsisted of depression of the ST segment, and the change returns to a 
normal pattern soon after a successful surgical treatment. The depression of the 
ST segment will be resulted from viscero-cardiac reflex caused by the stimulation 
due to peritonitis. However, in localized peritonitis, such as in acute appendicitis, 
the electrocardiogram shows a.I.mos七nochange. The deviation of the ST segement 
from base line correlated rather with severity of the illness than with the level of 
blood pressure. 
The values of the deflection of the ST segment, amplitude of the T wave and 
the QT ratio observed in 24 patients are presented in Table 1. The relation between 
these components are presented in Table 2. 
Table 2. The elevation of the QT ratio was ob-
ST↓ 12 (50°ρ 
ST↓＋ T↓ 4 (17%) 
T J 3 (12%) 
ST i + U 1 ( 4%) 
no remarkabl巴change 4 (17%) 
24 
ST↓： depression of ST segment 
T↓： lowering amplitud巴orinversion of 
T wave 
U : appearance of U wave 
mechanical intestinal obstruction. 
served in 4 patients, and al of them died 
in spite of adequate operation. The promi同
nent U wave was observed in only one ca-
se. This abnormal prolongation of the QT 
was probably due to severe myocardial an-
oxia 問 sultedfrom viscero-cardiac reflex. 
2. The electrocardiogram in acute 
In acute mechanical intestinal obstruction, the electrocardiogram also shows a 
pattern of coronary insufficiency. 
Case 1 (Fig. 3). U. T., a 67-year-old male. Diagnosis: Volvulus of small bowel. 
He suffered from nausea, vomiting and abdominal cramps for 20 hours before oper-
ation. The preoperative electrocardiogram showed marked depression of the ST 
segment with sinus tachycardia. The T waves were not flattened. At the time of 
operation, gangrenous small bowel was resected for about 3 meter length, and 400cc 
of citrated whole blood with 1500cc of phy日iologicsaline solution was given. Several 
hours after the operation, marked improvement was observed in the electrocardio-
gram. 
Case 2 (Fig. 4). T. H., a 54-year-old female. Diagnosis : Adhesive ileus due to 
peritonitis tuberculosa. She su町eredfrom vomiting and abdominal cramps for 24 
hours before operation. Depression of the ST segment without lowering amplitude 
of the T wave in lead CR1 were observed in the preoperative electrocardiogram. 
However, after successful operation the electrocardiogram returned to normal. 
During operation, she received 800cc of whole blood with lOOOcc of physiologic 
saline solution. 
Table 3 and 4 show the value and the relation of the R与Tsegment and the 
QT ratio observed in 12 patients. That is, the common change in aute intestinal 
obstruction is a depression of the ST segment, as in acute peritonitis. This change 
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Table 3. Electrocardiographic values in acute intestinal obstruction 
upward deflection +mm 
downward deflection -mm 
me日nvalue of QT ratio : 1.05 
P~~＇.：nt I ｜町Idlvi;tT f:o1h叫asel附c~ ， :-i 下~M「1~itu［~i;Tci 一nn ＂.！一A Q~Oi L 
1 -0.5 -1 -2 -1 0.62 0.33 1.04 
2 。 -1 0.5 3 1.5 4 0.48 0.27 1.00 
3 -0.5 ＇ー2 -0.5 -2 -2 -2 8 -2 0.40 0.25 0.98 
4 -0.5 -2 -1.5 。-2 3 2 4 4 0.53 0.30 1.03 
5 -0.5 -05 。-2 一2 。-0.5 -05 7 1 0.57 0.32 1.05 
6 。 。。 0.5 3 2 2 3 0.70 0.38 1.10 
7 。。。。。 2 2 。 2 3 0.48 0.28 1.01 
8 。。。。。 2 3 0.64 0.35 1.09 
9 。。。 -2 。-1 1 0.85 0.40 r.os I 作）
10 。-15 -1.5 一1 一15 1.5 一1 -2 3 1 0.55 0.33 1.10 
1 。 0.5 -0.5 。-2 2 3 6 0.56 0.30 1.00 
12 一0.5 -0.5 。一15 -05 2 2 0.52 0.32 1.09 
Table 4. usually returns to a normal pattern in ST I 6 (50%) a short time after a successful operati-ST; + T; 3 (25%) 
T↓ 2 (17°ρ on. 
ST↓ + T J + u 1 ( 8%) In chronic and mild intestinal obst-
12 ruction, however, the electrocardiogram 
usually show日 noor a slight change. The following case report is o汀eredto ilu-
strate the electrocarcliographic change in chronic intestinal obstruction. 
Case 3 (Fig. 5). K Y., a 48-year-old male. Diagnosis: Chronic adhesive ileus. 
Although he su古eredfrom nausea and abdominal pain, his condition was not so 
disturbed. The electrocardiogram ＂’as taken on 3rd, 5th, and 8th da：，アSafter onset 
of the ilnes. There were no remarkable change in electrocardiogram except slight 
mcrease in the T w乱ve.
~－ The 批 trocardiogramin circulatory colla戸 dueto hemor山 ge.
ln surιer.v, patients are alwa~·s exposed to bleeding in various degrees, and it 
is well known that the circulat01下 collaps indicates certain electrocardiographic 
changes. In relation to the postoperative electrocardiographic changes, the influence 
of circulatory collaps was investigated. 
Case 1 (Fig. 6). S. A., a 42-year-old male. Diagnosis : （；れtric ulcer. He was 
admitted to the surgical division under shock syndrom due to massive hematemesis. 
The blood pressure was :). !.3:Jmm日g, the red cells were 2.7 million and the perc-
entage of hemoglobin M’as 58. (A) was taken before treatment ( 4.50 p. m.). The 
ST segment dcprcssccl, however the T wave was tal and peaked. (B) was taken 
after 400cc of blood transfusion an〔lthe blood pressure rose up to 94/ 40mmHg 
(5.35 p. m.）。（C)was taken at 6.50 p. m., at which time the total volume of 
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blood transfused became 800cc. The blood pressure rose up to 100/30mmHg, and 
the ST segment progressively returned to normal level. 
Case 2 (Fig. 7). K. A., a 55-year-old male. Diagnosis : Carcinoma of the rect-
um. He was in shock due to massive hemorrhage which occured immediatly after 
radical operation for carcinoma of the rectum. (A) was taken two weeks before 
operation. The blood pressure was 115/70 mmHg. (B) was taken during shock 
syndrome, the blood pressure fel to 76 /70mmHg. Marked depression of the ST 
segment with sinus tachycardia was observed, on the other hand, the T wave 
became taller than preoperative T wave. 
Case 3 (Fig. 8). T. N., a 34・3℃ar-old female. Diagnosis : Gastric ulcer. She 
was in shock due to bleeding from the operative wound. (A) was taken two days 
before operation, and the blood pressure was 102/74mmHg. (B) was taken during 
circulatoηァ collaps,and the blood pressure fel to 80/75mmHg. Although the ST 
segment depressed remarkabl;yア with sinus tachycardia, the T wave became taller 
and peaked. (C) wa日takenafter 800cc of blood transfusion, the blood pressure rose up 
旬 112/55mmHgand the ST segment returned to normal with lowering of the T wave. 
As illustrated in above cases, the electrocardiograms showed severe coronary 
insu古iciencyduring circulatory collaps, and these changes returned to a normal 
configuration rapidly after sufficient blood replacement. 
Table 5. Electrocardiographic values in circulatory collaps 
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Table 6. Table 5 and 6 show electrocardiog~ 
raphic manifestations which were obse-
rved in circulatmブ collaps.The tal and 
peaked T wave in precordial leads, which 
ST~ 12 (92%) 
ST↓＋ T↓ 1 ( 8°，？〕
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has been callecl “asph~弐iating T wave", was found in 6 out of 9 cases. 
4. The electrocardiographic changes after gastrectomy. 
The electrocardiograms in acute intestinal obstruction, acute di汀useperitonitis, 
and circulator~· collaps were described above, and the changes were consisted of 
depression of the ST segment with relatively slight change in the T wave. The 
patients, who received gastrectomγ，sometime日 complained of nausea, Yomiting, 
abdominal distension, m u~cular weakness, d~ ·spnea etc. postoperatively and their 
recovery were disturbed. These symptoms were considered to be quite functional and 
the electrocardiogram showed distinctive changes during the periocl of the~e distrcf's. 
In this surgical divi:;ion, customarily, food is withheld for 48 hours after 
gastrectomy. During this period, lOOcc of whole blood and 500cc of RINGER’s 
solution with 500cc of 5 Yoglucose solution are administered dail~·. 
The serial electrocardiograms were recorded in 84 patients after gastrectom~· 
and the significant electrocardiographic changes were observed in 27 patients. On the 
other hand, 25 patients complained of vomiting, generalized muscular \\'C川、 nc~s or 
abdominal distension postoperative！：－’and the signi白cantelectrocardiographic changes 
were observed in al of them. 
That is to日a:,・,the postope1乱tive electrocardiographic changes were closely 
related with postoperatiYc clinical s~·mr〕toms, and these changes had a tendency to 
return to normal as soon as the patient began oral feeding. C司ascreports are illust-
rated to show how the electrocardiographic changes are related with the postoperative 
clinical course. 
Case 1 (Fig. 9). H. Y., a 24 －~・car-old male. Diagnosis : Gastric ulcer. In this 
case, the postoperative clinical course was quite uneventful and the serial electroca-
rdiograms al田 showedno chan伊・
（三lse2 (Fig. 10). R. l¥L, a 57』year-oldmale. Diagnosis : Duodenal ulcer. His 
postoperative clinical course was c1i日turbedby nausea and abdominal distension and 
electrocardiogram showed lo＼＼旬、ingamplitude of the T wave. These clinical 町・mpto-
ms such as nausea, abdominal distension and generalized muscular weakness grad-
ually increased until! he took a meal on the 3rd po~loperative da~· ， then the lowered 
amplitude of the T wave returned to a normal configuration with good clinical 
improvement. The change in the serum potassium concentration was slight. 
Case 3 (Fig. 11). Y. N., a 22-ycar-old male. Diagnosis : Gastic ulcer. 42 hours 
after gastrectomy, he complained of nausea, vomiting and generalized musclar 
weakness and the electrocardiogram showed a depre町elST segment with lowering 
amplitude of the T wave. Howeyer, when he began to take a meal, the electroca-
rdiographic changes returned to normal on the 3rd postoperatiYe day. 
Case 4 (Fig. 12). Y. S., a 48・〉℃ar-oldfemale. Diagnosis : Ga日triculcer. She 
complained of persistent anorexia, abdominal distension and muscular weakness 
after gastrectomy, and the serial postoperatiYc electrocardiographic tracings showed 
~＝ogre凶ve lowering amplitude of the T wave with aPl附 ・anceof the prominent 
U wave. On the 8th and 9th postoperatiye days, 3g of potassium chloride was 
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administered by mouth because her distress progressed in spite of routine therapy. 
On the 10th postoperative day, the electrocardiographic abnomalities disappeared and 
she had good appetite. 
Case 5 (Fig. 13). Y. K, a 28・year-oldfemale. Diagnosis: Gastric ulcer. Twenty-
four hours after gastrectomγ，she had fatigue and was lethargic. She began to 
vomit frequent！~’ and complained of clyspnea and insomnia on the 2nd postoperative 
clay. On the 3rd da>・, her condition appeared critical, and the electrocardiogram 
showed flattening and inversion of the T waves with prominent U waves. Alth-
ough the serum potassium level at this time was 6.0mEq./L., 2g of potassium 
chloride was given lη’mouth, and dramatic improvement occurred within an hour. 
On the 4th day, her condition appeared satisfactory and the electrocardiogram 
gradually returned to a normal configuration. 
In case 4 and 5, the postoperative distress and the electrocardiographic changes 
were severe, and the administration of potassium chloride only seemed to be able 
to improve them. 
As illustrated in above cases, the postoperative electrocardiographic changes are 
close！~・ connected with the clinical conditions. These electrocardiographic changes 
are discussed in detail. 
a) P 'vayc : Nine out of 84 patients (119{.) showed an increased amplitude 
of the P wave in Lead I and II, which are known as pulmonary P wave. This 
change, accompan>・ing with the inversion of the T wave in CR,, may be the results 
of the right atrial and right ventricular strain caused b~ · respirator>・ disturbance 
due to pain of wound. 
b) RS-T同店11日1t; The lowering amplitude or the inversion of the T "・ave, 
especially in Lead I or CR1, is the most frequent and significant change. This 
change was ol以crvedin al 27 ca日e日， and depresion of the ST segment wa只acco-
mpanied in onl~· 6 of them (24ル）．
c) U wave and QT p ~いりlongation ; The appearance of the prominent U n’ave 
is also significant, and was observed in 17 out of 27 patients (63 .Yo). The QT 
prolongation, calculated from the BAZETT’s formula a日 QTratio, was observed in 15 
out of 27 patients (55夫）．
The correlation between these electrocardiographic changes are presented in 
Table 6 and 7. 
After al, the electrocardiographic changes after gastrectom~・ are able to be 
represented lη・ lowering amplitude or inversion of the T wa¥'e 'vith appearance of 
the prominent U wave. 
These changes show quite different appearance from the features observed in 
generalized peritonitis, acute mechanical intestinal obstruction and circulatory 
collaps. 
For example, two case reports are o百e1℃clto illustrate these conditions. 
Case 6 (Fig. 14). :.¥I. 0., a 41－γear-old male. Diagnosis : Ga円triccancer. He 
SU仔eredfrom persistent vomiting after subtotal gastrectomy with muscular weak-
ne田. However, serial postoperative electrocardiograms showed no specific change in 
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Electrocarcliographic values in gastrectomy 
upward deflection +mm 
downward deflection -mm 
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the T wave. Postoperative vomiting 
and muscular weakness of this patients 
¥'Crc resulted not from potassium de-
pletion but from mechanical obstruction 
of gasb・o-entericanastomosis. The diπ－ 
erential diagnosis was easily determined H’electrocardiogram. 
Case 7 (Fig. 15). A. F., a 51-year-old male. Diagnosis: Duodenal ulcer. Alth-
ough he was allowed to take food on the 3rcl抑stoperativeclay, the electrocardio-
gram showed low or inverted T wa,・c and depression of the ST segment. However, 
the T wave in （‘：n., showed high amplitude，日howinga di斤erent attitude from the 
change descreibecl above. On the 7th postoverative daァ，he¥"as diagnosed as 
peritonitis and laparotom>・ was performed. 




T! + U 
T↓ 
+ T! u 
27 
＋ ST i 
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On the other hand, as illustrated in case reports, these electrocardiographic 
changes seemed to have a tendency to be correlated with postoperative starvation. 
If these patients could take food soon after operation, a lesser electrocardiographic 
change would appear. To clarify this question, the serial electrocardiograms were 
recorded after operation for carcinoma of the rectum, because the patient can take 
food on the second postoperative day in this operation. 
5. The electrocardiogram after operation for carcinoma of the rectum. 
In this surgical division, a permanent colostomy was done about a week before 
radical operation, so the patient can take food on the 1st postoperative day. The 
following case report is illustrated to show electrocardiographic changes after radical 
operation for carcinoma of the rectum. 
Case (Fig. 16). K. N., a 48-year-old female. Although depression of the ST 
segment with lowering amplitude of the T wave and sinus tachycardia were obse-
rved soon after operation, these changes gradually returned to normal postoperatト
vely. During operation, there was relatively large bleeding and blood pressure 
was unstable. For this reason, the postoperative electrocardiographic changes of this 
patient were considered to be the coronary insu百iciencydue to bleeding. She took 
diet on the 2nd postoperative day and her condition appeared satisfactory. 
In 16 patients who received combined abdominoperineal resection, progressive lowe-
ring amplitude of the T wave was not observed. The di百erentattitude of the postopera-
tive electrocardiographic change between gastrectomy and this operation may be result-
el from the fact that the period of starvation is longer in former operation. The changes 
caused by anesthesia or bleeding return to normal with routine therapeutic procedure. 
The postoperative electrocardiogram after gastrectomy shows quite different 
changes from obtained in acute circulatory failure or severe peritoneal stimulation. 
The changes observed in this study became progressively prominent on the 2nd or 
3rd postoperative day, accompanying some clinical findings. 
ELIEL and coworkers reported that the certain electrocardiographic changes in associ-
ation with the low serum potassium level were observed in postoperative patients with 
longstanding electrolyte disturbances. LANs and associates described that the symptoms 
in patient with potassium depletion were characterized l乃’nausea,anorexia, muscular 
weakness, abdominal distension and mental confusion. The electrocardiographc patterns 
have been described in association with hypopotassemia and considerable confusion exists 
because of the various patterns observed in di百erentpatients. However, as presented 
in Table 6, no lowering of the serum potassium level was observed in our cases. 
The electrocardiogram of potassium depletion can be observed with normal 
serum potassium concentration, on the other hand, these electrocardiographic changes 
and clinical可・mptoms were remarkably reduced by preventive administration of 
potassium chloride. That is, l.5g of potassium chloride was administered on the 
1st postoperative day in 24 patients who received gastrectomy, ancl only 2 patients 
(8%) shm＼℃d these findings. This fact sho＼γs the close relation between the 
electrocarcliographic changes and potassium metabolism. 
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To clarify these problems, the electrocardiographic patterns and the serum 
potassium concentration in the patients who showed clinical s~·ndrome of potassium 
depletion were studied in detail. 
6. The electrocardiogram and the serum potassium concentration in the patients 
who showed the clinical syndrome of potassium depletion. 
The electrocardiographic changes were studied in 28 patients who showed the 
勾・mptomsof p:>tassium depletion and ＼＼℃re dramatical!＞’improved b.Y administration 
of potassium chloride only. 
The following case reports are presented to illustrate these electrocardiographic 
patterns. 
Case 1 (Fig. 17). JI. :.¥1., a 65-≫ear-old male. Diagnosis: Carcinoma of the es-
ophagus. He had longstanding diarrhea due to administrating nourishing fluid 
through jejunostomy, and complained of muscular weakness, shallow respiration and 
lethargy. Although the electrocardiogram taken before treatment showed inversion 
or lowering amplitude of the T wa vc日 withthe C wa＇’es, the serum potassium was 
4.3mEq /L., which was normλl level. Two hours after administration of lg of 
potassium chloride through jejunostom:-・, the T wa vcs increased its amplitude and 
the U waves became les prominent. His condition seemed quite satisfacto1・：－ after 
24 hours and 3g of p:.>tassium chloride was administered, and the electrocardiogram 
returned to almost normal configuration. No remarkable change was observed in 
the serum sodium concentration dur加gtreatment. 
Case 2 (Fig. 18). T. :.¥I., a 25・year-old female. Diagnosis : Gastroptosis. She 
SU百eredfrom persistent vomiting from unknown origin for 5 months. Her electr-
ocardiogram showed inversion of the P waves and lowering amplitude of the T 
waves. Although serum potassium level was within normal limits (4.8mEq./L.), 
the potassium depletion wa日calledquestionable. 
After 5g of potassium chlor叫ewas given in 24 hours, increased amplitude of 
the T wa ¥'es was ob刈 I’＼＇C(land Yomiting diminished. The scrum potaト；sium level 
then n’出 48mEq./L. The electrocardiogram returned to normal pattern except 
inversion of the Pれれ・csin limb leads on the 3rd da:-after the beginning of the 
treatment, and she never complained of vomiting-. 
Case 3 (Fig. 19). T. !¥"., a 34－γear-olcl female. Diagnosis : Chronic intestinal 
obstruction. She had a hiメtu1・.＇of diarrhea and vυmiting for 7 days, and complained 
of severe mascular weakness. The electrocardiogram showed inversion of the T 
waves with the d~1ffe出eel ST segment, and the scrum pota日iumle¥'cl w乱s4 OmEq. 
/L. which was within normal range (A). However, one hour following aclministr-
ation of l江 ofl〕otassium chloride lηmouth, the T waves became upright with 
disappearance of the ST depression (B). The 日crumpotaト廿＇iumlevel was 4.4mEq. 
/L. :¥I uscular ＼＼℃：1、lC州 and¥'1>miti1広 diminished,and日hehad g・oclappetite. 
,.¥s illustrated in the aliove cases, the electrncarcliu戸rnphicchanges and clinical 
幻・mptomsin p11tassi11m depletion return to 1り1nwl foll()wing administration of 
potassium chloridじ
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Table 8. Electrocardiographic values in the patients with clinical syndrome of potassium 
depletion 
upward deflection +mm 
downward deflection -mm 
mean value of QT ratio : 1.16 
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2 2.5 5 0.80 0.40 1.12 （刊 4.7 。 6 4 0.60 0.33 1.05 （吋 3.5 
-1.5 2 3 0.80 0.40 1.12 （吋 4.2 
5 0.5 0.65 0.38 1.17 3.6 
0.5 1.5 0.63 0.36 1.12 E+l 4.4 
0.5 0.5 -1 0.65 0.40 1.24 （＋） 4.4 
0.5 2.5 1.0 0.90 0.48 1.25 （吟 3.5 
1 1 0.76 0.40 1.15 （＋） 4.3 。 2.5 2 0.45 0.35 1.31 4.9 
-0.5 2 1.5 0.51 0.32 1.11 4.5 
The electrocardiographic values in 
28 patients showing a syndrome of 
potassium depletion, are presented in 
Table 8. The combination between the 
ST↓＋ T↓ 1 c 3%) changes in the ST segment, the T wave 
28 and the U wave is presented in Table 
9. The low amplitude of the T wave with the appearance of the U wave seemed 
to ha ¥'C close correlation with the potassium depletion. 
Figure 20 shows the illustrative examples of the progressive changes in prec-
ordial lead CRi observed in 28 patients with po阿部iumdepletion. 
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The serum potassium was determined in 16 patients, and data also failed to 
show any consistent correlation b2tween the eledrocardiogram and the serum 
potassium concentration. That is to s1~· ， the electro::ardiogram ha日anexcellent diagn・
03tic valu2 th'l,n th2 chtr.;rmin抗ionof th3 s;cu n CJ i:::mtration in pJtassium d己pletion.
In this respect, several authors have stressed the lack of conformity of electr」
ocardiographic manifestations with the serum potassium levels. This disparity has 
been attributed to the presence of electrocarcliographic alterations from other causes 
or to concomitant abnormalities of other electrolyte日』 For example, ROBERTS and 
MAGIDA studieJ the influ-:nce of the acid-base balance experimentall~’ and concluded 
that electrocardiographic changes suggesting h川lOpotassemiawere dependent upon 
the pH rather than the adual serum potassium concentration. T ARAIL, on the other 
hand, was unable to e~tablish an：－’ correlation b2tween serum pH, so:lium, or calcium 
with the intensity of potassium effects re日ectedin clinical electro:::ardiograms. CRI-
sMON and his associates could not relate the intracellular potassium concentration to 
a typical electrocardiographic event日 in h,vpopotassemia. BELLET also, could not 
establish a definite relationship of the electrocardiographic changes to skeletal muscle 
potassium content. His compari州 nswith the electrocardiogram gave no better 
results than serum pJtassium concentration alone. KuttNs, on the other hand, noted 
such a relationship in animal experiments. In relating intracellular /extracellular 
potassium concentrations he used a value termed “cardiac lゅtassiumquotient”with 
a normal range of 25 to 32. Elevation of this quotient was associated with typical 
hypopotassemic changes in the electrocardiogram. There was, however, no consist-
ency between the electrocardiographic alterations and absolute IlOtassium or sodium 
concentrations, intracellular or extracellular. 
In order to clarify the correlation between the electrocardiogram and the actual 
serum potassium concentration H’ determining its intracellular /extracellular relati同
onship, attempts were made exp巴rimentallyusing the method which KuttNs had 
reported in 1955. 
7. The electrocardiogram and “cardiac pota同iumquotient" 
Experimentall:-・, potassium depletion was produced b:-・ following method. Using 
mongrel dogs, gastrectomy was performed and DOCA was administc陀d pos句pera-
tivel:-・. The 田rialelectrocardiograms (standard and precordial leads) were recorded. 
The serum potassium concentration and the intracellular /extracellular relationship 
in heart muscle were determined I乃’ followingformula. 
cxtraccll. muscle water Chm!. 1000 
1) (in－云7k/<l丙三而言t) ニH20e/kg＝ー Cls~ 1:o4 
intracel. musele water 
Z) (in g/k耳－（lrysubst.) =H20i/kg =H,0111cl/kg H20c/kg 
3）評論~k~官三雨戸~ =Ke/kg= (Ks. 0.95). _!!2~主主
extraccll. muscle K-cone. 
4）一日正ml合J1I~ e~.：，＿（1示，.，； 11. ¥・at山 ニ K~. 0.95 
intracel. muscle -K -content 
S) .!li1111E;11kg dry subst.l ー＝Ki/kgニKmdlkg-Ke/kg
G) intrat·(•J l・ll1LlS(')(' kーcone. 一＝← Ki/kg
r inrnEq/L intrac!l. waler) Ki/L H2υ1) i~邑・ IOOC
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7) cardiac potassium quotient＝五xtracel:K-concentration 
Clmd =Cl in total muscle in mEq/ K只 drysubstance 
Cls = Clin serum in mEq/L 
The normal range of the serum potassium in 20 dogs was from 3.2 to 4.7mEq./L. 
with an average value of 4.0mEq./L. In 5 normal dogs, the intracellular potassium 
concentration of left ventricular mγocardium was 97.0 to 115.0mEq./L. with an 
average value of 101.9mEq./L. and the extracellular was 3.07 to 4.06mEq./L. with 
an average value 3.3mEq.fL. Total potassium content was 290 to 322mEq./kg. with 
an average value 308mEq./kg. The cardiac potassium quotient lay between 25.9 and 
32 1. Elevation of thi's quotient was observed in potassium depletion. 
In Figure 21, although the serum potassium level decreased from 3.5 to 2.9 
mEq./L. postoperatively, the electrocardiogram showed no significant changes, and 
the animal’s condition seemed to be quite well. The total potassium content in 
heart muscle was normal. The cardiac potassium quotient was 29.3 in spite of low 
intracellular and extracellular potassium concentration. 
In Figure 22, no electrocardiographic change with low serum potassium level 
(2.8mEq./L.) was also observed. The total potassium content in heart muscle 
slightlyァdecreased. The cardiac potassium quotient was in normal range (28.1), but 
the intracellular and extracellular potassium concentration were both decreased. 
In figure 23, on the other hand, the electrocardiographic change was observed 
with slightly low serum potassium level (3.lmEq./L.). The amplitude of the T 
wave lowered with wide base. The cardiac potassium quotient then elevated to 
41.6. The total potassium content in the heart muscle and the intracellular pota-
ssium concentration were slightly increased and the extracellular potassium concen-
tration was slightly decreased. 
In Figure 24, the electrocardiographic change was observed with low serum 
potassium concentration (2.4mEq./L.). The cardiac potassium quotient also 
elevated to 41.3. The total potassium content in heart muscle was normal, although 
the intracellular and the extracellular concentration were decreased. 
The electrocardiographic changes induced in this experiment also returned to a 
normal configuration following administration of potassium chlor泊eby mouth, 
illustrating in Figure 25. Thus, as KuHNs described in his paper, the electrocardi-
ographic change in potassium depletion seems to have a good correlation rather 
with the cardiac potassium quotient than the serum potassium concentration. 
The results of animal experiment show that the typical electrocardiographic 
changes are observed with normal serum potassium concentration in potassium 
depletion, and, on the other hand, no changes can be observed with low concentration. 
That is, the imbalanced relationship between intra- and extracellular potassium 
conce:itration in heart muscle resulted from potassium depletion can cause change 
in the electrocardiogram. 
DISCUSSION 
The significant elcctrocar<liographic changes, concerning with the changes of 
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the T wave, the ST segment and the U wave, were observed frequently following 
gastrectomy. 
RuF, RるscH& WALZ reported that the changes of the ST and the T wave 
observed after gastrectomy had appeared with tach)・cardia, so these changes did not 
mean myocardial damage. They considered tach~γcardia was induced by psychic 
influence of patient, by anesthesia, by surgical procedure, or viぉcero-cardiacreflex 
and they noted that the strain of s;:mpathetic nerve was chief cause of electrocar-
diographic changes. BuHR, hmvアc¥・er,neglecting such factors, considered that these 
changes suggested myocardial damage brought b:v’the e汀ectof anesthetic agent and 
operative procedure. SmMrzu also described that the changes represented myocardial 
damage caused by anesthesia, by acute circulator:v・ insu町icienc:v• due to bleeding and 
by viscero-cardiac reflex. Certainly, the electrocardiograms taken immediatly after 
operation ma:v・ show myocardial damage caused b:v’many factors described above. 
However, as BuHR described, these changes have a tendency of returning to the 
normal pattern postoperatively. On the contrar:v・, the changes observed in this stud）ア
became more prominent progresivcl:v・ after operation with clinical findings. Moreover, 
as described before, the electrocardiographic features in viscero-canliac reflex or in 
circulatory disturbance are quite different from the changes obtained in this study. 
Recentl:v・, it has been known that the surgical trauma causes increased produc-
tion of ACTH, which stimulates the adrenal cortex and results in renal loss of 
potassium. In addition, loss of gastrointestinal secretion, malnutrition, large intake 
of sodium chloride may i℃日ultpotassium depletion postoperatively. Therefore, the 
postoperative electrocardiogram may possibl｝ァ show the changes which reflect 
potassium depletion. However, there are many opinions in the correlation between 
electrocardiographic changes and potassium depletion. 
RINGER has pointed the important relationship between muscular contractility 
of the heart and potassium. Change in potassium metabolism will later the 
sequence of event日 inthe heart, causing conspicuous alterations in electrocardiogram. 
0RENT-KEILES and ::¥IcCoLLUM demonstrated that rats on very low potassium diets 
showed reduced potassium content of the heart muscle and necrosis. PEARSON and 
his coworkers obtained electrocardiogram from potassium deficient rats that exhibited 
lowered amplitude of the T waγe and interference with auriculo-ventricular conduc-
tion. DARROW and his coworkers observed that rats showed rnrncardial necrosis 
after serial injection of DOCA. HENCH and SoMMERVILL ohtained electrocardiogram 
from potassium deficient rats that exhibitd lowered amplitude of the T wave 
interference with auriculo-ventricular conduction. They also obtained electrocardio-
gram from patients I℃cein~d Cortison therapy, exhibiting the abnormal T wave, 
and prolongation of the PR, QT intenal日 However, the:v・ did not consider that 
these changes were resulted from pota~＇.sium depletion. REEDER suggc:,,tcd that the 
electrocardiographic change只 obscnでd during "¥CTH and Cm・tison therap:vア had
correlation with serum potas:-:ium level. YosmTosm, u日ing DOCA in animal 
experiment, reported that the electrocardiogram changed in low serum potassium 
level. MARTIN, BELLET and NADLER observed that the electrocardiogram and the 
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serum potassium level were related closely in hypopotassemic condition. 
On the other hand, CuRRENCE and LJUNGGREN reported that no relationship was 
observed between the electrocardiogram and serum potassium level during ACTH, 
DOC‘λor Cortison therap~·. ScHw ARTZ concluded that in potassium depletion of 
moderate severity the electrocardiogram could not be relied upon as a guide to 
diagnosis or theram・. He also concluded that the electrocardiogram wa日 consistentl~’
related neither to the total potassium deficit nor to the serum potassium concentration. 
LANS and his coworkerへstudyingpotassium deficienc~’ in surgical patients, emphas-
izecl that the electrocardiographic changes did not appear consistently at specific 
serum potassium level. 
In this study, the data demonstrated that the electrocardiogram was quite 
reliable as an index to reflect the potassium depletion and could be relied upon a日
a guide to diagnosis or theram・. However, the serum potassium concentration 
failed frequentl｝’ to reflect even moderatel~’ large los of potassium. The actual 
level of the serum potassium may be misleading because if dehydration and hemo-
concentration are present, and the serum potassium level may be normal or even 
slightly increased, despite of abnormal!~· disturbed potassium metabolism. In animal 
experiment, the electrocardiogram showed definite relationship to cardiac potassium 
quotient, ancl there wa日 no consistenc~・ between electrocardiographic changes and 
absolute pota出iumconcentrations, intracellular or extracellular. 
After al, the most important things to make a correct diagnosis of potassium 
depletion b~· electrocardiogram after gastrectomy is to record serial!~’ and anal~·se 
the changes in association with clinical findings. 
However, as to the electrocardiographic criteria, it should be noted that similar 
changes may be observed in certain other clinical states. Among these are myocardial 
abnormality or disease, myocardial anoxia, the e百ectof drugs, but the di町erential
diagnosis can be made in most instances from the history and physical examination. 
SU:¥LVIARY 
Following gastrectomy, the同rialelectrocardiographic recordings often sh川＼・el
lowering amplitude or inversion of the T wave and appearance of the ℃ Wa＼℃． 
These changes were frequentl：.’ accompanied with clinical manifestations of anorexia, 
nausea, vomiting, muscular weakness and abdominal distension, al of which return 
to normal upon administration of diet or potassium chloride. However, the serum 
potassium concentration failed to reflect postoperative potassium depletion. These 
electrocardiographic patterns and the serum potassium levels were studied and anal-
ised also in the patient with the clinical 町・ndromeof potassium depletion. In 
animal experiment, the electrocardiogram showed more definite relation to cardiac 
potassium quotient than serum potassium level. The postoperative serial electroca-
rdiogram could be relied upon as a guide to diagnosis or therapy of potassium 
depletion especially after gastrectomy. 
The author wishes to thank Dr. T. SHIOTA and Dr. T. KA>Hll for kind guidance in the determin-
ation of potassium. 




Fig・. t. Case l只1nustachyt:artlia and depression of ST segment associated with acute 
g・eneralized peritυn it1s. 
:¥. Bcfυ1・e operation. Pulmonar ~＇ l' ＼＇乳、’f is observed in this case. Blood 
pressure : 85/50 mm Hg. 
B. 12 hours after operation. >JoLe ma1・ketl impr O、℃mentin leads J[and IU. 
Blood pressure : 100/6 5mmHg・. 
一一一一一ーでテ一一一一一寸
Fig・. 2 Case 2. :-.Jote progressiw improvement after successful operation for acutc 
peritonitis. A. Before operation. T wa、Pin lead CR2 is not flattened in this 
ease. B. 12 hours after operation. C. 24 houi・safter operation. 
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Fig. 3. Case l. Sinus tachyca!'clia and marked ,depression of ST segment in ＂~l eads I, 
Il and CR, associated ¥'ith acute mechanical intestinal obstruction. A. Before 
operation. Blood p1・essu re : 1 Q.¥ /7-1 mm Hg. B. Se、e!'al houl's aftcl' 1・esection 
of gangrenous sm乱ll I町、＼＇el. Blood pressure : 108/7・1 mmHg・
Fig・. 4. Case 2. Acute mechanical intestinal obstruction. 
A. Before operation. Note ST depression in leads I, l, CR~ and CR4・
B. 3 hours after operation. 
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Fig・. a. C町asc:i. Slig・hL clctlroじardiog・u1phit ch:ing・c in chronic inLc日Lina!obsLrncL1on. 
λ ：J days, B. 5 da>・s. C・8da,・s afLcr uns0Lりfi 1 ncss. T ＂’丘、。ln leads I.Il 
礼nd<'H, prυZ rcss i ,.c I>' inc rcascd. 
}$ c 
Fig・. 6. Case 1. ST depression with tall and peake<l T wave in association with 
hemorr・ha耳icshock. 
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Fig・. 7. Case 2 . .:-Jote marked depr巴ssionof ST se疋mcntin leads U. Il, CR2 and CR• 
and tal peaked T wave caled "asphyxiat川gT wave”l n leads CR2 and CR4 
in association with hemort・hag-icshock. 
A. 2 weeks before operation. 
B. During shock state. 
Fig-. 8. Case 3. Hemorrhagic shock. 
A. 2 days before operation. Blood pressure : 102/7-1 mmHg. 
B. During shol'k state. Bloocl pressure : 80/75 mmHg. 






Case I Serial electro仁ardiograrnsafter匹aslre仁tom>'with unc,・cnlfull clinical 
仁υurse. A. ~ da>・s be fりre uperatiυn Scru111 K : 3.7rnEq./L. Scru11 :'¥a : 138 
lつ1. 'L. B. Sc、引 al hυurs a「tcr01〕er乱tion. C. ~ I hou I匂与 D. l日h臼urs. Scrur r l
15＇【 ；J.')n
お引urn'.'la I !Orn 
Fig-. 10. （可礼治C ~ － Serial electro仁ard io)e;rarns after 広aslrectomy・ Lowe re< I乱1npliludeof 
T wa、c wa邑 υbscr、2d unLil ho Lりりka 1ncal on 3rd 1川sloドcraLi、cdax. A. 
Before operation. Serum K : l.llmEq. 'L. B. 2.1 hours after operation.δerum 
K : 4.0mEq./L. ℃. ~nd pu6topcrati、p day. Serum K , 3.8n1Eq./L. D. 3rd 
postoperative day. Serum K : :.7mEq・＇L.
ELECTROCARDIOGRAPHIC CHANGES AFTER GASTRECTOMY 689 
T.OGATA ¥I 
Fig・. 1. Case 3. Serial electrncarrliog-ramsιfter日astrectomy.A. BeforQ operation. B. 
Se、era!hours after operation. C. 21 hours after operation. Serum K: 3.8mEq. 
/L. Serum Na: 151mEq./L. D. 2nd postopcratiYe day. T wa、esin leads I、
CR2 and CR.1 lowered. Serum K 3.3mEq./L. Sernm >la : J67111Eq.IL. E. 3rcl 
postoperative day. Amplitude of T wave increased. Serum K ：」JmEq./L. 
Serum Na: 151mEq./L. 
I I I i>・．
Fig・. 12. Case 4. Se1・ial electrocarclio.S?:rams aflcr g-astrectrectomy. A. Before operal1on. 
B. 3rd postoperati¥'e clay. C. 5th posloperati,・e clay. D. 8th postoper・ati、cday. 
Anorexia and abdominal distension prog:ressi¥'ely increased with lowered 
amplitude of T wa¥'e and prnminenl U wave in leads Iand CR，・ E.10th 
postoperative day.-After adm川islerin只 6g・ of potassium chloride hy mouth. 
Note marked im)Jl'O¥'ement. 
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Fig. 13. Ca~c 3. Sc1・inl cl f仁いυ亡川・iliu .~·. r n1 11 s aflcr g-;1str C仁Lum.v A. Be 「01・cupcraliun. B. 
: huu l治 日Hn 戸astrcclu111、C' 'c I hり ~ 1r s . D. :nil pustupcrali、f da、E. 3nl 
[IりslupcraLi1c tla>・ Lowered a1nplitudc of T ＼＇乳、c with prulllinent C "・a、E
"・as ubsc l、の｜ 汚cruin Iく 布.01nEt!.L. F 1th l】りslりpcrati1・cd乱、.Aftc1・ adlJlini・ 
slc,.inど l耳 υ「poLas当1Llll 仁hluritlcIJ.V 11 10 ~1 th , clcctruc:anliu1とi乱11 andclinic:al 
Ii nd in gs i 1 pro、ed1・c11礼ll、；tbl、‘
Fig-. 14. C’asc 6. Serial electrocardiogram円 aftergastrectomy. The patient complained 
of persistent 、。mitingcaused by mechanical obstrution ofεastro-enteric an-
astomosis. He was recovered by routine therapy on 8th postoperative day. 
A. Before operation. B. 2 days, C司 4clays, D. 7 days after operation. There 
was no specific chang℃ in electrocard ioユram.
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Fig. 15. Case 7. Serial electrocardiograms after gastrectomy with perforative peri-
tonitis. A. Before operation. B. 24 hours, C. 2 days, D. 4 days, E. 6 days 
after operation. The change is quite similar as presented in Fig. 1 and 2. 
Fig. 16. Serial electrocardiograms after radical operation for carcinoma of rectum. 
Depressin of ST segmョnt and lowered amplitude of T wave progressively 
returned to normal configuration. A. Before operation. B. Immediatly after 
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Fig. 17. Case I. A. Note low or inverted T wave with U wave in limb and precordial 
leads. Serum K : 4.3mEq./L. Serum Na : 139mEq./L. B. 2 hours after 
administering lg of potassium chloride. ).Tote upward increased :implitude 
of T wa、ein leads I and CR4 with obscure U wave. Serum K : 5.lmEq./L. 
Serum Na : 137mEq./L. C. 24 hours after. (3g of potassium chloride was 
administered.) Serum K : 5.3mEq./L. Serum Na : 135mEq./L. .D. 48 hours 
after. (6g of potassium chloride was administered.) Serum K: 4.6mEq./L. 
Scrum )/a : 139.5mEq./L. 
Fig・. 18. Ca~c 2. A. Note lowered amplitude of T wa¥'e in limb and precordial leads. 
Serum K : 4.8mEq./L. Serum Na : 140mEq./L. B. 2・1 hours after. (5g of 
potassium chloinle w~ s aclministered by mouth. J Serum K : 4.8mEq./L. Serum 
Na : 140mEq・／L. C. 2 days later. T "・ave returned to normal amplitude. 
Serum K : 4.0mEq./L. Serum )/a : 131mEq・／L.
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Fig-. 19. Case 3. A. Serum K : 4.0mEq./L. B. 
One hour after auministering lp; 
of potassium chloride by muulh. Serum 
K: 1..imEq./L. 
．’ Al T飢 ATAτx
Fig-. 20. Electrocarcl iographic patterns in pota-
ssium depletion <CR,). A. Normal. 
13., C. Lowered amplitude of T 
with a double summit due to super 
imposition of U wa、eon T. D., E. Jn-
version of T wave with U wave, char-
acteristic of potassium depletion. 
Fig・. 21. Animal experiment. 
Gastrectomy 
P. 0. Day 
Control I 2 3 I 
Serum K. 3.5 ↓」.0 3.3 2.8 2.9 
DOCA 5mg. 5rng. 5rng. 511g. 
total K content in heart muscle : 322.:CmEq./kg・. 
intracell. K cone. : 79.lmEq./L. 
extracll. K cone. : 2.7mEn.IL. 




















CONTROL I 1 












Fi~ ・ 2:{. Lula¥ K 仁υ・.ntcnlin;IH'arL mu日c¥c ・ 勺 13.りml・：q./ Jq：~－. 
inL1・aιel. h . ιone. :p己0.71J1£lj・／L.
extracell. K cone. : 2.9mE(f./L. 
cardiac K quotient : 41.6 • ・ 
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Fig-. 24. total K content in heart muscle : 308.9mEq./Kg. T.OGATA XI 
intracell. K cone. : 92.5mEq./L. extracell. K cone. : ＇.＇.~ 1 mEq. 'L. 






























Effect of potassium chloride on the induced electrocardiog・raphicchange. 
Gastrectomy 
DOCA 
Centro・ 8th P.O.Day 15. ~o ’ 50・ 85’ ll 
むerumK 
(mEq,/L,) 4・0 ラ．ぅ 比.5 4,4 ι.7 ι.9 4.ヲ
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⑤ 胃切除術後p 心電図を連続振影すればp カリウ
ム欠乏症を容易に発見することが出来，従って早く治
療することも出来る．特に胃切除後原因不明な幅吐が
つfく時はp この点を充分に考慮する必要があろ．
